

















century,particularly in the lastquarter,after thedemocratic revolution in1974. In fact, the
numberofbuildingsbuiltbetween1970and1990ismorethanonethirdofthebuildingsactually
existing in Portugal. Therefore most of them were built before the publication of the first
regulationconcerning theenergyefficiency inbuildings.Regarding thisscenario, itwouldbe
expected that rehabilitation activities would represent most of the current construction
activities.However,givensomeremainingbarriersfromoldsocialpolicies,thissituationisnot
observed; actually building retrofitting is the least significant sector, accentuating the
degradationlevelofmajorpartofthePortuguesehousingstock.Severalstudiesshowthatthe
mainproblemsarefoundinthebuilding’senvelopeelements,suchasroofsandfaçades.Based
on thiscontext, theaimof thispaper is to introduce someexamplesofbuilding retrofitting



















significant decay of the housing stock. Although minimized within the 80’s, this situation










public incentives, which made economically unfeasible the execution of maintenance or







due recent maintenance interventions, provided by owners. Façades, including windows,




































construction pathologies (INE, 2001), as the scarcity of occurrences may be related to the
application of strong safety factors in the structural design. The main source of structural
problems is the poor quality of foundation works and it affects mostly vertical envelop’s
elements, since the foundation’smovements can cause cracks that compromise aesthetics,
sealing and insulation properties. In façades and balconies, some problems could also be






structural safetyof constructionswaspublished in1958 (DecreeͲlawno41658,ofMay31st,
1958) and considered,beyond static loads,dynamic loadsofwind and seismic actions. The














RCCTE (DecreeͲLaw 40/90 from the 6th February)was the first legal document concerning
thermalperformanceandaimedthepromotionofthegeneralqualityofthebuildings,assuring
better hygienic and comfort conditions and controlling the energy consumption for
acclimatisationandhotwatersystems.In1998anotherregulationwaspublished,concerning
thebuildingthermalperformanceenvisagingoversizedacclimatizationsystemsandtherefore







quality of the buildings without increasing the energy demand and not rationalizing the
consumption. The recommendations included passive cooling techniques, efficient solar
collectionpracticesandnaturalventilationstrategiestoimprovetheindoorcomfort.Withthe
publicationofdirective2010/31/UE, in2013 thePortuguese regulationsconcerning thermal
performanceofbuildingswereupdated,withthepublicationofanewdecreeͲlaw(decreeͲlaw














Until2007 therewasnotaproperapplicationofacoustic regulation codes. Since then, the















D n, w  50 dB 
L´ n,w  60 dB 
D n, w  58 dB 
L´ n,w  60 dB 
D n, w  50 dB
Commercial area
D n, w  50 dB 
L´ n,w  50 dB 
D n, w  58 dB
Garage 
D 2m, n, w  30 dB
D 2m, n, w  30 dB
D 2m, n, w  33 dB
D 2m n w - Airborne Sound  
Insulation Index of the facade 
D n w -  Airborne Sound  
Insulation Index of partitions 





















ETICSstands forExternalThermal InsulationCompositeSystemsand the firstsolutionswere
developed inthe1950s (Wetzel,2007).Thesystem iscomposedofrigidboardsof insulation
materials (polystyrene and concrete foams, mineral and wood fibres, etc.) attached to a
supportingbasethroughplasticadhesive,andexternallycoveredwithreinforcedrendering(fig.
4).Somesolutionsalsoconsiderintermediarysupportbases,withrailmounting,wheneverthe
baseͲsurface doesnot havemechanicalproperties adequate for sustaining the system. An
extensivevariantofexternalcladdinghasbeendevelopedsincethedevelopmentofthefirst





AsWetzel (2007) concluded, ETICShasproven to increase theprotectionof externalwalls,
improvingconsiderablythethermal,moistureandnoiseinsulationoftheenvelopeswerethey
havebeenapplied.Forthermal insulation,the improvementoftheUͲvalueofaconstruction
enveloped with ETICS is dependant on the thermal conductivity and thickness of the used
insulationmaterial(fig5).Theweatherprotectionisparticularlydeterminedbytherenderings,
sincemostsystemsusewaterͲrepellentmaterials.Noiseinsulationpropertiesaremainlyrelated
to characteristics of used elements (revetment, supporting system and type of fixation).




















of threeͲlayeredexternalwallsof largedimensions (Plewakoetal.,2007),and it’s fixation is
recommendedonconcreteelements.Thesystem,applieddirectlyonexistingwalls,consistsof
aninternalinsulationlayer,boltedtotheconcretebaseͲwall,andanexternallayer,fastenedon












layers connections could initiate a corrosiveprocessof steel components.However,proper
fold’sventilationcanprotectinternallayersfrommoisturepenetrationandcondensation.The











expandedpolystyreneorextrudedpolystyrene), fixed in thesupportingwall,andacovering
materialseparated3to5cmfromtheinnerlayer.Thisdistancecreatesacavitythatallowsthe
circulationof inner airby convection. Theuseof insulationboards isoptional andhelps to
improve thermal properties of the system (GuimarĈes, 2013). The cladding layer provides
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inner layers reduces thermal bridges and improves the thermal inertia of the building,
representinglessheatgains(summer)andlosses(winter),asfigure10demonstrates.
(a)     (b) 
Figure10.HeatFlux(W/m2)frominsideoutalongthedaylightperiodfordifferentenvelopesystems(a)summer(b)
winter(Brunoro,2007).
This characteristic reflects higher energy savings by reducing the needs for artificial
acclimatizationsystems.Inthiscontext,itisalsoreportedthattheadoptedcladdingmaterial




(a)                   (b)
Figure11.EnergySaving(S)considering(a)solarradiation(I)(10cmthickness,15cmlength)and(b)airflowspeed
(W)(15cmlength,solarradiationincidenceof400W/m2)(Brunoro,2007).
Compared to unventilated refurbishing solutions, the use of ventilated façades represents
advantages regarding installation, as for the mechanical assembly of the finishing it is not





Comparingtootherconstructionactivities, inPortugalthe investment inrehabilitation isstill
verysmallandnotadequatetothecontext,whichcausesthecontinuousdegradationofthe




work presented three solutions for façade retrofitting commonly used among European
countries.Thefirstsystem,ETICS,isdirectlyattachedtotheexistingexternalwall.Thesecond,












































The study showed that all presented solutions are suitable to improve the main needs of




tobeviableanswers toupgrade the functionalityof the conventionalbuildingenvelopes in
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